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1111. i;i 1 i:cTs oi- f'-MONiii (■iiivONu: i.ow i.i:\i-;i. IMIAI.A lit \ 
i-:xrc)s[iu-s lo ihDKAZiNi-; c N ANIMAI S 

|.  I).  M:icl-.W(.n,   I'it.i). 

rnivfi'siiv (if (la] it'oniia,   Irviiii.' 
Toxic ll.izai\ls llfsinrrh liiil 

Dayum,  (Uiu 

i:.  \i. McCuiiiKll,  D.V.M. *■ 
;irkl 

K.  C:.   Hack,   I'h.l). 

ALrospncL- \kJk\il Kcscarch 1 .aboiMtory 
\Vrii:lu-l'aitL'r>(in Air loivc Ikisc, Ohio 

!!\'Jrazinc (N'rll^) is a liieliiy 'XcKTivc rc-Jiiciii^ airciu winch is widely 
usi.\l as an iiiici'nicJiaic in or.izaiiic sytithcsis aiiJ ciiiicf singly or in conihina- 
I ion with oihcr Invlra/incs siicli as I, 1-Jinuihylhyvlrazine or mi.-thylhyJrazinc 
as a missile proivllanr.    It is also uscJ c,\lcnsi\'cly as a cormsion inhibitor 
in hoikr fccvl waicr.    liyvtrazinc is a colorless liciuiJ with a molecular weight 
of 32.05, density of l.dOS i:/ml and a vai"HU- pressuix- of 14.4 inni 1 Ig at 2n (',. 

llyLlra/ine is a strong convulsanl at high (.loses hut may cause central 
nervous system depression ar lower dr)ses.    Its toxiciiy and pluirmacologic 
efftcis are detailed in a comprehensive review by tdark et al.  (1^)6.S).    Ani- 
mals may die acnrely of convulsioiis,  respiratory arrest, or cardiovascular 
collapse within a few hours of an acute e.xpo.sure by any route of administra- 
tion, or may die 2 to 4 days later of liver and kidney toxicity (Weir et al., 
h/64: Wiik'n,   l'^J56).    jacobscm et al.  (I*!55) reported the 4-liour inhalation 
I.C.j value as 252 ppm CXM) mg/nr) for the mnise and 57f) ppm (750 mg/m^) 
for the rat. 

House (1964) exposcrl nv.mkeys,  rats and mice to a hydra/ine concen- 
tration t)f 1.0 ppm continuously fc)r ^K) days.     I'hough mortality was very high, 
some animals survived the experiment.     \'inety-Kix percent of the rats and 
4iS,(, of the mice died during the exix)surc while nvjnkey.s provLvl to be the 
most resistant siX'cies with only a 2(//'(, mortality. 

^Now affiliated with the N'aiional Institute for liiivironmental Health Sciences, 
Research 'Triangle I'ark,   North Carolina. 
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(."•MiKiivk LI al.   (I'-.^I) r\|io>-L-i.l v.'tip^,   ill si.-p.ii"aU' i.'N|vriini.-ii( s,   to S 
aiiJ   ll  ppiu.     I'wii vli)c< <ui\i\kJ  i\p(;irLvl '■i-lmii!" (.•\|>osui\s III S ppni livur.i- 
/iiK' i(>r (' incniMs an.I 2 m   I JM;-.-. Ijvivl .\(\c\' I'i) si\-li(iur t\)Visiiri.-s ni II 
pi"'ni:   iliL-<'! IKT is\>> J()i'.< vlii-.l vliiriiii: iliL-ihii'J .HKI firiftnih ww-ks in .iik-bili- 
lau-vl L-oiulii ion.     1 IK- vid;.;, iliai .liivl vluriii;^ i IK- ririccmli \w(.-k IKKI a ^L'X'L re L-HII- 

\'lil>i\L' ->i.'i/Lii\- prinr if Jcaiti.    rriuf m Ji.-alli,   In ii li ,io;j:s SIIDULVI  si;j:iis of 
aiuirL'\ia aixl likMK-i'.H faiimir.    ( lianiiint: Jit Is an.I foivt-d t\vvlin_L's rtsiiltLxl in 
till.' <m'\i\al of IIIL- i\in liiiine luovlo;^>. 

rill- present   rhi-L'sli()IJ l.imii \ aliac (11 A') pulilisluxl by ilu' Am .rican 
('(inlVi\ IK'L-of (i(t\ L iniiKiiMl  IIKIUSI rial IheiLiiisi^ (i"73) for \.,ll.i  is  I ppni or 
I. ■) nu. 111". 

"i*' '       /[>)   I'l' i.-()mparL' IIK' LITICIS of r(.|X'at ^\\-(r !»)UT^puT~;1nyT~TL"!Tiy7^ci- wcdr 
(iiKuistrial l>|v) LX)"K>surcs wiih i-oniinLious fxpo^iircs of cquivaknl concL'n tra- 

Tfons^anJ ID c\a!iiaiL' ihc safely facior of ilie cin ixiir l"! A',  four coiiccntratioii 
k-vels wiiv sekvuvl for ilie 20-ui.L-k L-N'i>isiirL' of four apimal s|X'cics.     The 
coiiLeni rations SLILVU\I werL-j/   I.O ppni aiul 0.2 p]iin for cniii inuous exposures 
anJ ^.') jiiiiii   iikl l.l) ppin for inkrnii'Uni Jaih' exi>>suresTJ-Nriiesc concentra- 
lioiw would result  in liie folloulivj ("T feoiiceiii ratior, x linij^ values: 

I .'I ppni Cfint inui lUs 
.T.O Jipiu inurniilleiii 
I .0 ppui inuriiiitleiu 
0. 2 ppni.,v~onTiiui(iu> 

I fiS^ppm-hours per week 
1^0 i-ipin-liours iX'f week 
30 ppin-ht'iirs per week 
■V). (•> ppiii'liours per week. 

riu!<,  I lie 1.0 ijpitf .-out inuous aiul the n.O ppni inleriiiilleiit studies would he 
iclaiively v^ftfivalenl JOSLS and the 1.0 jipm intermitleiit aikl 0.2 ppni .*oiitinu- 
lUis woitkf also he eoiiiparalde. 

A.-LMMZ^-*<-J 

( ^)  The effects   d chronic inhalation of liyilra/iiic are dose relateil rc^iaal 
ess of the nature of (xposure,   i.e.,   inieriniiient or continuous.     I'he hijihesl 
iVLlra/.inc dose caused approximately 40/^', deaahs in mice within the first two 
nrinths of exjvisiire while ihe 'CIA' dose eciuivalenis caiiscLl approximately 5'/^, 

h 
mr 
ni.irialirv. 
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A hhi'U'.'. Ii iiitiH   WiTi   111'! '.\<.-ii:h. vl.   i.v.-- L\liihiti.\l .1 .II'<L- rikilL'J^fdvMli 
i',i!v   .l.-pi'v .<inn ,111.1 ,!<>■.;- i.-v|v>-\vi jo |i\-.| r.i/iiu- --luiwnl \\'. ri'Jil  loss ,il IIK- liiuli- 

T^y.'!     [_r!K- r.u«-!  -i'.:nil iiMiil "r su n ii-ijliii.   -.i;.Mis (if sti\-ss CL-CIIITIJ in IIKJCKC 

I\\IU._'LJ.     \iii>fc-\ij rmii iiukJ v.iili pi'icicssiM- I'niackiiicn uiiiil JIKUII  If' WLx-ks 
ulkti ^-unu iwovcfv (v^x-ufiwl ill ilif siir\ iviii;.: JCIL'.-..    ()IK'LIOIZ in iliis j^roup 
I'vp'.rii noi-x! d^it" I'nuMil-<ii>n< en .S -^i.'par;iK-(icci-iniL-^MiiK-i.' nficr 3 iii'inths nf 
cxpt'-urt, rlK>n mwv in ilu- niMrninti anJ t.ncf in iln.- ,]Ucymnm of ilic <.niU'Jay 
aftL-r n nicnili^ cf c'\pii--iii-L-.     I'liv^i.' fin.iiims uxTiM;.i*H<nsU 111 wiili ilx>.sf re- 
1>M-I',-J In i\i!ii-u>.'k ^1 al.  M''T4), „--..---" 

(U') ''1 ar.iniaK luLI |i()s[(.'xp).-ui\',  ui.i;^lii Jirfd\i,CLs Ixi WX-L-II coin rol aiKJ 
I. \p<>-<uri.'croups IKLMIIK  insiirnificanl hy roiir ^^i-'*-'■•S^J^N^ 

^llici\ ucif no a!)noinial finJing^ in clinical cliL-nii st ry ani.1 licniaioloi:^' 
111  a-urL iiK ill- IIUIJL on inontc(.\< aiul rais.    no:-^^,  liowcvor,  IUKI a hyUra/int- 
Ji ■>■(.■ rdau-vl J^'pi\-sion o! i\J hlotv.i ct.il co'jnts, iKiirhiloliin values,  hcinaio- 
crii ',  aiiJ iliT i\- uas link' or no rciiculcvyiosis iK-forc ihc fifili month of cxnr.- 
siirc ai wliicli lini/ ilk- ^i'-,:s coin iiinon-^K i."\|>is(.\l to I ppiii N'iK.; Iiail a shai'p 
v.lcpi\s-ion of idU * couni acconiiianiiJ hy I't l icnlocylo-ds.    Al necropsy,  ihis 
;^roi.ip oi Joi;s was tlk onl\ iiroiip of an\' spv.cics 10 ik-nionsiratc crytliropoic'Lic 
acti\i!y a- ■,iica--iii'cJ hy aiUci\a--cJ iiiycloiJ  cryiliroiJ ralio in l.onc marrow."] 

•JK 
111, i\' uas no nKasiit-;ihli.- (.viikncc of \\\] hirxkl i-i.ll Jcsi riiciion in 

i.li';^^ 1. \iv»^i.\| 1(1 liydra/MK  in contrasi wiili ri.au'iI\'demon ■•,! raictl ticm:*- 
lyiic aciiviiy of 111 nionuili\ IlivJra/iiic (MMII) (MaclAvcn anJ llaiin,   h)71). 
I iirtlii-i'irKirc, ilic \\A hlooJ ccll< of v!o;.:> i.-xp!,si.'J 10 NVIl-i were nurkevlly 
mori.' siiscepiihie to ostiiritic frajiility iliaii control animals while MMII pro- 
^luceJ a <i;,:nificani iiicr(.ase in \{V,('. fra;^ilil\'.    We were iinal)le U) i.leiermine 
JIR' pri.cise rtMson for the hyvlra/iiie iiKliicol arieinia or u> explain the ile- 
i"i\a--eu' llIK' fra;,:ilit\' Jurin^ these experiments hut plan to explore this area 
further. 

(U^/Ihe results of ;^rnss aiul histopaiholo;-:ic examination of mice lliat vliol 
>.luriii;j; cxiiosiire shovw-J iliar ik-atii wa-  due to hvv.lra/'ine hepatotoxicity.    At 
sacrifice,  nviilerate to severi.' fatty liver change v/as a consistent finding in 
mice from all exiiosure lex'cis.    Monki.y livers showu! slij^ht to mcKlerate far 
accuiniilation. I I'erjj^ips compromising part of this information is the fact rhar 
control mo!ike>^^l1??o s!i()V,\xl some Jejrru-of fatiy iiwr change.    Malniitririon, 
the result of nonspecific lix'Jraziiie toxicity, cruiscLl the death of 2 dogs in t'ie 
I ppm :-oiirinuous exposure.    Ai sacrifice, dogs ev|'H)S(.vl to ijic I'l A'conceii- 
traiion sliowed no a!)iiormaIi!,ies hut dogs from TIK' high doses had fatiy livers. 
Since one dfig in the ' |)lim continuous exfX'sure grouj") convulsed i.luring evpo- 
suri.-,  the brains of this ilog and '.] others fn the same group were perfuse^l a; 

227 





AMUI IK-~1- 12: 

s.KTJfirc.    lli<l(il<v.\   i\\rali,\l lU' (AS l(.'-i<iiis.     Two «l(y,-. (.-acli fi'oiii IIR- liieli 
t'niK';. Ill iMl ii'M i\|\iiiiKiils wi. ir -^.k'iHii'i \ I .ii (> W(.<.k> [i" islLXixtsuiL'.    All WLI'L- 

i.k.-i.'fi!)v\l a> l)i.iii_i: i.'s-.i.nt i.il 1\ iiMini.il aniinnlK. 

(.'I'llJii v\',i'^lu-. I'i c\\y'-^\\ i'.\\<.   ir,iiiikr\ s atKl :[i\2.< \\ci\' iiol stvii is! JLMII \' 
Jirui\ni li'oni .(iiuii'l vakks.    In ilik rasi.nf I!R' rals,  llu'JcjirLSSLvl iirowlh 
raii-s iL^iiluJ ill iiK'i'i.asi.^1 I'i'oaii io t> '.l\  V.LI^II! ralii's 10 uiiicli lui hit)|(>^ica! 
siiinili^'aiK'i.' ran hf airrihuit-ct. 

rii'.Ti- W'.-vc no sienificana patlicitn^ic cliaiijiL'S in rais cxccpi in llic case 
of lilt- r) |ipni iiiii. i-iiiili(.ni i.\|>».-ui"(.'iiixiup.    ()l llic :i() I'ais,   I'' IKKI Liironii.- 
lir()iK"lj('pn'..-iiiiinnia.    Wlkllicr rhis convliiion was Jiie Ui a livilra/inc puliiKinary 
irriiaiion or pa!lio.:i.'ns ]i|-i.sciii, oi' ilic foniK-r i")i\'i.lisi"Hisinir ilic rats to ilic 
laiti.r,   i.s JiiTiL-uk 10 say.    1 IK. riei clfLri,  however, was Lliat 10 i*ais fitmi this 
i:roiip relaini.vl ixiste.\|i<isure SIIOWLVI no weiulil  recovery as clenionstiateJ hy the 
oilier ex|>oscJ viidups.     llie ind.clion spreaJ t(^ oilier I'at p.roiips iiousevi in liie 
saniL' room aikl within f>-.S weL-ks i"ollowing e\|x»s'jre terminal ion, 50," of the 
rats were JeaJ.     Tin,- number of Jeailis was Jisl rihuu-J railier eveii!\' in the 
exj\isL\l m"«uiixs ,inJ in ihe coniiols as well.    Consequently,  noiK' of the rais 
siir\iv(.^l loim enough for concUisi(>iis to IK' Jrawn alxmi the carcinoiienic ]>)ten- 
lial of inliakvl liVvlra/ine for ihis <pe.-ies. 

Tumorit'.i-'nesis has,  however, JK-en Jeiiionsirat(.\l in rats following daily 
oral aJministrai ion of 12 or I.S iii,c hyJra/ine sulfare Joses over a f'S week 
periivl.   rulmonarv aJeiuvarcinomas, liepaiic CL'II aiul spiiulle cell carcinomas 
wc re ohservi-vl afur l(l') weeks (Sewri and Ihancifiori,   h'dS).     They fouiKl no 
lung oi- li\er iiini:»rs in iheir iinireaUvl com rol rats. 

ApproximaiL'ly half IIK mice in each group were alive 1 year jiosiexiX)- 
sure.    ,\t necropsy,  iion-neoplasric lesions were-foiUKl in th'.' I(;il/CI"-l mice- 
with approximately ec[iial fref|ueiiey in both exix-rinieiual and control groups. 
All occasional mouse had a inanimar>'gl.ind adenoma,  but since these arc nor- 
mally found with an incidence of n-UJ," in mice, ilicy were coiisidcrc\l to Ix- 
unrelarcti to [he hydra/ine exposure.    Tor similar reasons, u single small 
]")apillonia found in one exivised iiiouse was not consiVierei.1 significaiu. 

Some of the mice CXIXJSL'LI to tlie thieshold limit value concentration of 
hydra/ine (I ppm) had well different iauxl alveolargenic cai'cinomas as shown 
in I'igurc I.    Another of these- tumors (I'igure 2) shows invasion of the pleura 
and extension into the pleura! space.    In mice of the .5 ppm iiUermitlenr exixi- 
surL-group,  alveoiargenic carcinomas were als'o seen.   These tumors had a 
greater frequency of nieiasiaiie activity wit 1 tumors found in liver and in the 
ribs as shown in l-'igures 3 and 4.   Many mice exixiSL\1 to 1 ppm hulra/.ineon 
a continuous basis developed alveoiargenic carcinomas.   Oie had a hepauitna 
iis shown in I'igure 5.     Ilieie was one rather jXKirly circiimscrilx-d area of 
the liver in wliich the cells were- large u'itli variable sized nuclei,  many ()f 

22s 





.\\ii;i ■ I u-'~ I 

w 'n^-h i-iiin.iiiK\i .1 l.ii-i:I- L i i--iiii '|'l;ili.- ii)i iMuui- h .11" iiu-lu-ii m.    In I Mi'- --^iiiu- .iiii- 
iiMl ni'-l I'f Ilk' -pivi'ii u,i-^ iTpl,ii-i.\l h\' in-npLi-! io lissiic fl ii:iiri   ^).    Mo-.i nf 

:!ii- ii--iic w.i- \i.-rv .in.i)Ma-tii.- ,i~  •hdwi) in i  i,'iiri- ~,  luit in .i ILW ;iri.,r< l!u' 
I'rll-   ri. <i.iiil'lr.l iu-('pl.i-i ir hip.iii ii.-\ I'---.     Iv,»t iiiirc in ihi- ufmip >l<.'\il"P^-l 
K inpiii'~j i\-(iin,i i;i [!;;   -.pUv M (| i.Miiv  S) \\l:it'li u.i-" fNl ruiiu-Is' (.•■.,•! I ill,1 r wiih .1 
li'<- of i!i-riii.il ,n\-!ii;v\-iui\ .     IIK ».-cll,< AVK  iinihn-nily iiiniiiiiuri.' lyniphocylcs 
with ;uiiiuinu< Jiiiidii.- li^iufL-.     I'lk-iX' i^- ihv.isinn nl i in.-tMiVsule wiih ;i >iri.\il 
VKMI I'I' JI1K1'J.I-v-N !(>< i-, hv in uT''pli,i;ii---.     riii<.   in coin'iin.ii inn uiili IIR- (iihi.r III:M* 

p!u«|(i;:v,   i- Ji.ii'j)! i-t iv* i4 1\ ntpli""-."'i""iii.i an>l i- -iihsi ;iiii inKil by an .Kl|nci.ni 
|\i>ip!i mvli.- (Iii:ni"f '■•) v.liirh -Isuw-, ci mipUu- loss of arcliiii.ciui'(.'Jui' 10 [licsc 
n-_(i]~>l.i-i ic I'.aispliiiiJ 1.--.II-.    SiiniLn* i.-lian;.;i.': WL-rt-also SL-L'H in li\i.-i",   kiJncy, 

lun'^ anJ I1K- iirinarv IILIJJL i". 

riK' iiini n" inv'iJi. IU'L - -^hown in  laliK- I ,\w Ix-licvivl si;^nificani for two 
i\a>on^.   Iliisi.  alw-olai ci. nir r,irL"inoiii 1- ,\\\- I'ounvl in lii;ihc'r, Jose ri.l>UL'J, 
f'l'L rjui. iK'ii-s anion-^ LNIVI-I.-,! nii^v  ilian in com rols.    ScvonJ,  ivinphosarcoina 
ju.i ilk' ink'oinnion 111 ili;.rtuini iKiMlonui .IIL- ahscni fitiin controls hni (KX'ur in 
inicf *.\po<>.vi lo ill-.' Iiiiilk-r .io<i.-. 
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Alvc-nhiixxiiic c;nviiK)iii;is j re "norniill y" I'CUIKI in (ilclcr niicu u'itli a 
I iv(|uunv.-v Dl" alum:   10,^, aiKl \vc have IOUIKJ ihis rale of Uiniors in this expcfi- 
iiK'iu as well as in oilier eoneuncii! L'\jX'i"inieiiiS in this lalK)raiory usiiisj; the 
<'l"-I  sirain mice,    hi previous suuiies,  usiivj; ^.-icvt ron microscopy,   ihese 
luiiiors have been shown lo contain  lype (; virus particles,     i'lie virus i"»ar,i- 
cJL- is tliou;_:.ht lo lie the probable cliologic ;i;j:cnt for these spontaneous al'.colar 
carcinomas.    Anoilier significant finding is ilie meiasratic (.xrension of the 
hepaioma to llie spleen an,l nietaslasis of alveolarjJiC'nic carcinomas to heart 
an^l rib ca^e,   resjxct ivL'iy,   in two other lux! razine ex]X)sei.l mice.    These 
finJin;j;s ai"e ccnisisient wiijj ilie iiKJiiction of luim tumnrs in mice i)v lu\lra/,iiie 
sulfate reiKM-ieJ 1)V Hiancifiori ci al.  fl'-i62a,   l';62b,   IM6:ia,   1963b,'  l063c, 
h;(i6),  liiancifiori (l"b') and IMTO),  Koe ei al.  (i'>67),  aixlToth (1969,   1971, 
1972).    Ilepaiomas anvl hepatocarcinomas have also Ix'cn observcvl after oral 

vlosini: of mice with tivvlra/Jne siilfate by iJiancifiori (l97(Ja,   I97()b,   197()c, 
1971) aiKl by Biaiicifiori et .li.   fl96-l).     The sijinificance of tiie findings rc- 
imrtcv.! i.-- that this is the first tieinonst ration of Inilrazine inJuccvl tumors 
from sinuiIaie'Ll invUistrial inhalation exjTosures at the TLN' concentration in 
iiiicL', albeit in small niimbcrs of animals.   These finilini^s .should be expanded 
in additional experiments e.s|'K)sing larc;e ninnbers of animals of several spe- 
cies to hvdrazine bv the inhalation route. 
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